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ABSTRACT

Expression of secretory leukocyte protease inhibitor
and grow th factors induced by lipopolysaccharide

stimulation in RAWZ264.7 macrophages

Son, Wook-Hee
Advisor : Prof. Hwang, Ho-Keel, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Secretory leukocyte protease inhibitor (SLPI) was known that bacterial
lipopolysaccharide (LPS)-induced product of macrophage. Macrophages play
an important role in the development of inflammatory responses by secreting
an array of cytokines and chemokines in a tissue microenvironment. To
identify the function and relationship between potent growth factors and
SLPI after LPS stimulation, The reverse transcriptase polymerase chain
reaction (RT-PCR) and Western blots were performed for the detection of
mRNA and protein expression of SLPI and growth factors such as VEGF
(vascular endotherial growth factor), PDGF (platelet-derived growth factor),
bFGF (basic fibroblast growth factor) after 100ng LPS stimulation on the
RAW264.7 cells. The result of RT-PCR was showed SLPI mRNA
expression was increased from 60 min to 48 h after incubation with LPS

in RAW 264.7 cells. VEGF and PDGF mRNA was expressed highly at



initial stage by LPS stimulation. The expressions of bFGF and collagen
type I mRNAs showed very weakly after LPS treatment. SLPI protein level
was increased likely the mRNA levels in lysates after LPS stimulation.
Additionally, the phase contrast and scanning electron microscopic
observation showed that the LPS induce the change of morphology of the
RAW?264.7 cells. From these results, it suggests that the secreted SLPI by
LPS treatment may associate with VEGF and PDGF expression in
RAW264.7 cells.



ulhg)| 2] o} A A A o} &+ (lipopolysaccharide, LPS):= WHIAES HFuA 7=
=4 & stuteolH, LPSel gk A Al 322 Aol E7}4 (cytokine) ol v A <]
o] BEuuks-e g o HE AAE Hod 4 AT, wgo] o A
HA SRS TS FEsty ol JHA AAN A4S EAe =
AL EL AatAZ (hypoxia)ol b o 5t

=
=
- 22 v AAAd AxFE FFAM AFAAY AelE7d S wH @

(vascular endothelial growth factor, VEGF), Af%2A¥ 4 %2 A (basic
fibroblast growth factor, bFGF) % dA3#fa A%< A (platelet-derived
growth factor, PDGF)50¢] t}*” " alo]a LPSE &4 vl LPS 2
gl dy Adu. FA, G, AT, oAl e AlZFHAA
LPS¥: CD14 3 Toll-like receptor 4(TLR4)¢t A g sle] 5o ojdl=
AbolE7Fl 3 TNF-a, IL-1, IL-6, @¥ &4, 183 NO 5= H gt}
Abo]l E7F1 ] # =3 P A endotoxic shock cascade®] Aol Fa gk o
S m X W neutrophil elastase$} catepsin G Z& @WEHEAE LPS)

984 42HE endotoxin shockol #HeI&H}®?® mE d=Z=wms e T35

o) Jrokal 2o § 4 o) A A (secretory  leukocyte protease inhibitor,
SLPD+ 11.7-kDa¥] ZA7|& 74+ AlZ=H 717 573 dwd=z A 3
A, A, AT AT 2y v 2 713A "y Fol e A AR oA
U ", SLPIE 2 vitro 7FolA 4A A/ Alx F4S F33 32 HIV

alolgl 2} Al #Ee wastE Vv E sAAm ot agm Hode
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1 AEFS} W

RAW264.7 A¥FE 2x10° 2 60mm dishol 27+ wj ksl gich. wj o
< Dulbecco’s Modified Eagle’s Medium(DMEM; Gibco BRL, USA)ol 10%
fetal bovine serum, 100-units/ml penicillin, 100mg/ml streptomycin,
0.25mg/ml amphotericin B 28] 22 1X non-essential amino acid solution<
A7beto AFGsESlaL, 37C7F FAE 5% CO2 ¥l 7lolA AlE£E w) Fatd
C}.

2. QAAFTTE LN S (reverse transcriptase polymerase chain
reaction, RT-PCR)¥} 2AAZt AAAFTZAEALTS(Real-Time
PCR)

RAW264.7 M*Z ml 9 100nge] LPS(Sigma Chemical Co., St. Louis,
MO, USA)el 30+, 60, 904, 24413 B 48X %F &9t 77t w=EA Y. 1
2]3 Tri Zol® reagent(MRC Inc., Montgomery Rd, CIN, USA)E o]&3}o] 7}
Zto 2 5 ¥ F RNAZS F%3}9th Superscript one-step reverse transcriptase
(Invitrogen, USA)¥ FZ3 % RNA ZXE cDNAZ dA &7 e Ag
%9131, Ex Taq polymerase(TaKaRa Korea, Seoul, KOR)E ©] &3] PCR

Wee FASGAT RE PCR WA 27 W4 £Esh A% A% %

o

rr

7+ 7y 94°C 5% 72C 5F o2 39 v, 4 FAA9 forward ¢ reverse
xZefolm o] AR 2w} FF 4 aglal ALk FHAY A7)+ Table 190
UeEb 2tk SLPI Zetolw = A SLPI f42 Ad F Aaetol= 19

fol
e,
—Hz
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S 39 Wl AE RT £FAA ALAGHFig. 1. PCR W F YA
5

ethidium bromide(EtBr)7} 718 15% ol7F=2 Ao 7]

flo

Ll

ZAFste] ol gl A719 5 S T3 PCR AAE o A zstd W
co dxE T AF sy, 4 W= UE ZAHL Science lab Image

Gauge(FUJI FILM, JPN) Z2a 32 o] g35to] 333l

Table 1. The summary of PCR primer sequences, annealing temperatures

and amplification cycles

Gene 5" Forward 3’ Reverse -I;?gp Cycle Size
mSLPI 5-CGGAATTCCAGAGCTCCCCTGCCTTC-3  5-GCTCTAGACATAGAGAATGAATGCGTTT-3' 63 30 676bp
MVEGF 5-GTGGACATCTTCCAGGAGTA-3' 5-ATCTGCAAGTACGTTCGTTT-3 60 35 382bp

MPDGF-BB  5-CTCTTGACTCCAAGAACCTG-3' 5-AATCCATCAGAGAAGGTGTG-3 48 33 582bp
mbFGF 5-GGCTTCTTCCTGCGCATCCA-3' 5-GCTCTTAGCAGACATTGGAAGA' 53 35 354bp
mGAPDH 5-CCATGGAGAAGGCTGGG-3 5-CAAAGATGTCATGGATGACC-3' 55 35 199bp

e RAW264.7 AL LPS At5<& & %, SLPI mRNA®S] &¢d F4S 4
g o g BX3517] 935te] real-time PCRS 3835}tk & RNAE TRI reagent
= AFE5lo] FE35191 3L, RNA %2 UV spectrophotometer (Amershamphamacia,
UK)E o]§, RNA Al &% lugo & A& sto] A}-4319t}h Real-time PCRS $ 3
zZol = Z+Zt forward : 5-GCCCGGGAAAGCAGAGGTG-3, reverse
5-ACATTGGGAGGGTTAAG CATCATACAT-3= AZstdnt. Az & F
RNA+= 500ng® oligo-dT (Invitrogen, Carlsbad, CA, USA)®} Superscript III
reverse transcriptase(Invitrogen, Carlsbad, CA, USA)E o] £3lo] ¢cDNAZ

Gt vk Real-Time PCR ®¥F& X712 95T 1534, 95C 156%, 60C 15%,

72°C 15% o)1 Hk3 3= 403] 24 ExicyclerTM (Bioneer, KOR)& o] &3}
of S35t At WS ok YEIYE g fhS dolr 7] 93] WS Yo 1x



= 2 SyberGreen(Bioneer, KOR)<
1853
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2 0ulz =4

3. A A=

EGGKNDAIKIGAC #Elo] =+ A7 SLPI(mSLPD) w2 Zg|HElo]
&}

Iy

it ol A A e skl tH(box in Fig. 2). A ® 3 SLPI fete]l ==AF 3

[
o{t

A 7)ol o s A Al 25 A tH(Takara, Inc.,, KOR). 34 g SL
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o
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SLPI &A1& A A3
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=
m&
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S
)
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]
S
<
S
o~
o
S
®

AEA el 9 SLPL wea BdS 2437 Aste] sty v

J%

W S AR v 150mM NaCl, 1% NP-40, 50mM Tris-Cl(pH
NazVOs, 2mM NasP207, 50mM NaF, 2mM EDTA(pH 7.4) % a4 &
A ar dAA A leupeptin®} aprotining  H 7} NP-40 &3] 435 A (lysis
buffer)& o]&3dte] AL dMAS FEe A, F=F G AL 30 mgH
15 %-polyacrylamide 2 &
o] & A7lFEs T dMAS Es Wvh Z2 3 & A S nitrocellulose
im 43}o] blocking A% L, anti-rabbit
SLPT &A1 : 50005 ¥ tee7bA RESAIZ Y. v o2 A3 5 HRP

7 &

(horseradish—peroxidase) o] 91 = goat-anti-rabbit 22 (1 : 10,000,



SantaCruz Biotchnology, USA)E A2 dt3 ECL (Amershamphamacia, UK)

L
el @bl vl == Science

2 ol gste] WANZ F @AHAG @Y F
Lab Image Gauge(FUJI FILM, JPN) X2 135 o4 Z M=o I E =4

ato] A skt

5. A9 A7} (Immunoprecipitation)

LPS A2 % &4 € SLPI @ de] & dolr7] fste] A3 HE &
A3} T}, Protein G agarose beadE < phosphate buffered saline (PBS)2%
= 3% A" § 500 mlo] vl o] FA. 1AIZF st whg F SLPT &
A ¥ gFE7hA 4Tl A WA AT, jEg 5 @A -bead- 34 2 Al
(immunoprecipate)= PBSE o] &3}o] A% 3}z, 10,000 x goll A 587 YA #
g2 FastAact. o)y s WA -bead-FA| AT A o] SDS-PAGE$ sample
buffers #7Fst & 583 &9 TG, o] F AL western blotting W =
o] &3}

6. &

<
(e

An 7 D FAAAAN A A dF

LPS AF=oll Z}7} 30, 60+, 90+, 24413k, 4841 74 =& ¥ RAW264.7 A
Fo geets WatE dotr ] fsto] %A #v 4 (Olympus, JPN)= °] &
st @ sholth =g LPS A = Az mAFx2E #Es] 5o, F
A} A 2 E w) 7 (scanning electron microscope, SEM) ¥ S o] &3ttt FAL
AR Aw 74 B2-& Hsto] LPS A2 & RAW264.7 AlZE PBSel| 314g 25
9% glutaraldehydeo] 1% 124 ¥ osmium tetraoxide(OsOs)E o] & 3}o] 2%}

5 5

1AL FYPstAY. 1 F 1A 8" AEE PBSE Al W Al FH s 70%, 80%,



90%, 95% 18] vkA o 2 100% eSS +=AHor A FHA FE
S 94Hd3s AAGAT. L S hexamethyldisilazane(HMDS, Sigma)< 37}
st AlmE gAdeA AERAIAT. FHE ARES 3492 FF7]I2 1H1S

A g g &, FAHAE W) 4 (Hitach, H4700, JPN)& o] &3F¢], 15Kvol Al #3

=



m. 2% 23

it

1. LPS AZL F RAW264.7 AXoA SLPIS AAFAAE9

mRNA 23

RT-PCR 2 & 43 100nge LPS A E 3 RAW264.7 AEo|A SLPI
mRNAS] H&-L tixa FFo vl 60% oA 1.6u] T7hskdar Ak
o wat Ax F7F stAddh. 283 VEGF mRNAE thzto vl 30& o 9}
60 thol Z+zh 17w F7hst A ol F R e FAce A S UER ®
gt PDGF mRNA + 30% % 600l 77 144 F7 st o] F=2 & 3
2t A4S et 283 bFGFE 908 7HAE A9 2d& 84
Th7b 244 Zholl oFF wtE Ak Btk Al 18 ol @ mRNAE 2443
I A8AIZE ol g oFekAl A Sl vh(Fig. 3A, 3B). SLPI mRNAS] A &

S 543 Real-time PCR A%+ RT-PCR ZA ¥} 5 AsHA 302 dfeolA ¥
Bl 2441700 7hA] F7FR ou, 48A1 b dl ol A & A sk A ok (Fig. 3C). €A g
wd £FS BHoFE GAPDH mRNAE PCR 4% 93 WP dzxzao
= ARReF A

2. LPS AS5<5 & RAW264.7 A X9 MEAFN wjFHel A SLPI &

ul A
|

i

L]

RAW264.7 Al ZolA LPS #A=o] w& SLPI ©ulde] da it dot
w7) gstel AT AT AL PN o) §35e] Western blot 7

nﬂ

stk 1 A% AEA gl SLPI 9uld WAL 60R vl A F e
) AAH 24 AFRAA g wol BE SHRa (HETAE dul 179
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2 F 30E%EH RAW247 AES AZAL MEES g 2 o 98 B
%< Reow(Fig. 5B-@), o 2¥E B AZ 5750 g48 mgol
2T LPS AF F 60%0] Ay AZlAE AAAA AL 2R =

sovl, MEAY 34 @ AL B9 FE R L 3087 ¥l

o]
gds sojde BFT & AAJT(Fig. 5B-Q). 90% o] F 48A1+ 7HA =
At

AR FE A 540 A A (Fig. 5B-@, ®, ®).
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7193l = elastase®} cathepsin G vt ofy 2} v ThA| X o} | A4 1} 2] Al XL o

[e]

A 7193k chymase ¢ tryptase % trypsin®} chymotrypsin & &34 %

Z A @tn G Yo wme SLPIE A @A E, a2 A ¥,
Zagd NAAEFE aen Boggdamd e 2o dEuks A LS A
zz wyg dvdu 24 ot gAAEE 22 Yol A Aol EFLely} Alw

7}¢l(chemokine) S wH|sto 22X HTwt3 o o] Fadh S st} o

Ll

£ 9] IL-1(interleukin-1)¥ TNF-a(Tumor necrosis factor-a)9} 2 #
o] Z4k-& A} o] E 7)ol (pro-inflammatory cytokine) S < w2 A XS A 31 A
Hyge FAAANY. dEusa

2 3 2Atals B Eshr] 9ste] whEo
A A RE o] Aol FHrhetA FHlE A5 HAH AFEEY Aol Hol 279
g &Fol WA J¥ge = 5 AP SLPIE LPSol os @43t

RAW264.7 A 304 IL-10(interleukin-10)3} 7 g4 7 2l A} -B(transforming

713 & AlolEFRloly ARIAE
&

growth factor-B, TGF-B)¢ &2 FAFTAolE7FA Y HdHLE F7HAIZIthaL
o B,

HAAMEE LPS A0 Axo] g Ao Esls iAAs S Bugo
A @Enea v5old Wodwtee #el@rin Gy omP, AMEEL
SLPIZ wdsla glon LPSe Ao oA F7ractn ahgluk”. uhetA
2oAgel e o AgelA AT A4¥ LPSe] 50mg/ml Wt} v
%2 100ng/mlzE A Al 259 RAW264.7 Al AHelste] SLPISH H &
qAgAEe) BAL 49 RT-PCR 23 LPSE A4 @ gz
Fol A= okgk o] gelEglon, LPS A FolE 603 SLPI mRNA

o
=

J[N'
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Htd o] F7tE S &g 4 oY 100ngk Tt ¢ ¥& F %<9l Ing¥ 10ng]
g Aol A SLPIY wado] F71E Al 7= 907 o] %9 A
Al Ed=A SLPI 2@ S 7He] 44 % =& 100ng2l
Aztdh =3 SLPI= Ahglie ZaAzoA Ax 4% 2 S 3%

=
HEE AR B JFL AAva deA Qe E 2GA

=
—
p—U
@)
=
=
(@)

=N
o
8

@]

-
@)
k=)
i)
i)
=
2]
wn
il

2] shA] ek AHlolA = SLPI

mRNA®| <} W S B F Ak ol AxE SLPIF AEF Aol

s

= RAW264.7 A4 &3 vfjFed s o] &3to] Western blots 3 5} 31
o FuEAE AEW SLPI @9 de mRNAS ©@d F7iA 7| 9= Zolrt
U AIZFA QL 2441kl A FkE Ao w g EAT o] o] FHHAA A
FRA X NIH3T3 AlEE o] &3 LPS ¥hgo o

=7kl Ayt vawd] B mRNAY TdolAxe= AolE HolA FkA|wk
T S A 240N FEE AL REP gwde wye A
AL F S Al 2AEY 53] SLPIE EHjdwlgdolmg o]E Hol: A
o=w Aztdd.

VEGF= a4 #odsts Fo 2AEHAE T stud=A diAAEd
=

& dojue FBAAAMNE FoT TS 9, Fgsd gAAEE o
Z ks Al oy A4 "R AEsS By @07 we VEGFE LPS
o daA zERol=d o] o Bye]l Zriadtin dEA 9lom 2yl
oz gape] Hu g EeME wEEdn Gy, ojed Ay A
so d4s® WAAEs VEGFY 2H2 B3 044 2 A% 97
2 golate AL AASY. =28 A5 E LPSY sxotE 4w
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SLPI7} Z2AtolE7 Q1o m 2g3tom A o] FRIAE ZHo] vho] & Ao
ghar AZhE ARk o] RE 2 SLPI 9 A A & Foxe] dds &
olafjof st F7ld o]l Bas Aow HyzheE),

In vivoel A bFGF= A A4 x4 ddes =480 &
d gom®™ s AEZRRE bFGFY A4t¥ 2u= IFN-a+(interferone-a
+), IL-2(interleukin-2), IL-1B(interleukin—-113) nitric oxide(NO)<}

1
e AIFAEAQ ol od FuEE Aow WA w4

AC)
Rl

Z0 CD4+ oF CD8+ T J=3™ e gFube AILE%E bFGFES 24|
v Aoz deEAr. # AFoA %= RT-PCR A% LPS A= 9
PFGFS 2dg 2 % QAW A3 Furo

A2 AP AFEE LPSO wE7F 92 Ao ALAHARE bFGFe 2
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

ARRE AT

Nucleotide sequence of the mSLPI ¢cDNA. Nucleotide sequence of
the mSLPI ¢cDNA is shown, with the amino acid sequence of the
predicted translation product listed below the nucleotide sequence.
An asterisk indicates the position of the stop codon. Numbers in
plainface refer to the nucleotide sequence, and boldface numbers

refer to the amino acid SEQUEIICE,  wrrrrrerrsesrsrrrnntistttet 2’7

Amino acid sequence of mSLPI. Rabbit polyclonal antibody
generated from pepteide in box against the mSLPI peptide

SEOQUETICES,  #r rrrrr s s s s s ettt 28

RT-PCR assay of the SLPI and growth factors mRNA. A) SLPI
and VEGF, PDGF, bFGF mRNA expression in RAW264.7 cells
treated with LPS for control (lane 1), 30 min (lane 2), 60 min
(lane 3), 90 min (lane 4), 24 hr (lane 5), and 48 hr (lane 6),
respectively. GAPDH was used as an amplification internal control
for the RT-PCR assays (S: 100 bp DNA size marker). B) Fold
induction was quantified in band intensity by dividing the
intensity of each growth factor and SLPI signal to that of control
sample. C) Quantification of SLPI mRNA expression in RAW?264.7
cells using Real Time-PCR method. SLPI mRNA expression in
RAW?264.7 cells treated with LPS for control, 30 min, 60 min, 90
min, 24 hr, and 48 hr, respectively. s 29

SLPI protein levels in RAWZ264.7 cells by LPS treatment. To
evaluatethe effect of LPS on SLPI protein expression in RAW
264.7 cells (control, lane 1), we exposed to 100 ng/ml LPS for 30

min, 60 min, 90 min, 24 hr and 48 hr, collected the supernatant
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Fig. 5.

Fig. 6.

and performed immunoprecipitation. Percent of induction was
quantified in the lysates and media by dividing the intensity of
SLPI signals to that of control sample (M: medium, L: lysates).

Observation of morphology in RAW264.7 stimulation with LPS. A)
Morphology of RAW?264.7 cells observed using the phase contrast
microscopy. The cells exposed to LPS (100 ng/ml) for control (D)
and 30 min (@), 60 min (®) and 90 min (@), 24 hr (®), and 48
hr (®), respectively. All magnification is x 200. B) SEM analysis
of RAW264.7 cells stimulation with LPS. The change of
morphology was observed from 30 (®) min after LPS treatmen.

Control, (D); 60 min, (@®); 90 min, (@); 24 hr, (®); 48 hr, (®).

Diagram of conclusions. A) mRNA expression of SLPI, VEGF,
bFGF, PDGF in RAW264.7 cell after LPS stimulation. B) LPS
induces the SLPI gene and protein. After induction of SLPI,
secreated SLPI inhibits LPS function and released SLPI may
promotes proliferation and migration of neighboring cells through
VEGF and PDGF Slgl’lahl’lg pathway ................................................ 33
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5 ¢ & L L P F T ¥ L L A L & I L A P W t
TGTGGAAGGAGGCARAAATGATGCT ATCAAAATCGGAGCCTGCCCTGCT ARARAGCCTGC
v E & & K N D A I K I = A C P A EKE K P A
CCAGTGCCTT ARGCTTGAGAAGCCACAATGCCGT ACT GACT GGGAGT GCCCGGEAANMCR
2 ¢ L K L E K P Qo C R T D W E C P G K Q
GAGGTGCTGCCAAGAT GCTTGOGGTTOCAAGTGCGTGAATCCTGTTCCCATT CGCARACC
R C C o D A C ¢ & K C ¥V N P ¥V B I R K P
AGTGTGGAGEARMCCTGGGAGGT GCGTCARARACT CAGGCARAGAT GTATGATGCTT ARCCC
v W R K P & R C VvV K T o A R C M M L N P
TCCCAATGTCT GCCAGAGGGACGGECAGT GT GACGGCAAAT ACAAGT GCT GT GAGGGT AT
P N VvV C Q R D & Q C D G KE ¥ K C C E & I
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Z & E v C L P P M *
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Fig. 2.

NH2- Signal Peptides Region(1-23) Secreted Peptides Region
MESCGLLP FTVLLALGILAPWTV!EGGKNDAIKIGAQPAKKPAQC
LKLEKPQCRTDWECPGKQRCCQDACGSKCVNPVPIRKPVWRKPGRCV

KTQARCMMLNP PNVCQRDGQCDGKYKCCEGICGKVCLPPM
-CooHn
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Fig. 3.
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Fig. 3. (continued)
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Fig. 4.
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Fig. 6.
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